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(54) VAPOR GROWTH DEVICE 

(57)Abstract: 

PURPOSE: To prevent a light introducing window from being 
clouded and to make raw gases light-excite evenly and with good 
reproducibility even in the case where a large-area substrate is 
used by a method wherein a vapor growth device is provided with a 
flow channel for circulating the raw gases on the substrate and the 
light introducing window provided in the flow channel is heated. 
CONSTITUTION: A flow channel 5 for circulating reaction gases in 
a laminar flow on a substrate 8 is provided in a reactor 1. The raw 
gases, group III organometallic gas. group V hydride gas and carrier 
gas H2, are made flow under the lower side of the channel 5 
through pipings 4. The growth substrate 8 is provided on a 
suscepter 2 and the suscepter 2 is supported by a suscepter 
holder 3. The substrate 8 is induction-heated by RF coils 6. In that 
state, excitation light 9 is introduced from a light source 10 into 
the reactor 1 through a mirror 1 1 . A light introducing window 1 5 
provided in the channel 5 is made using quartz mixed with 
ferromagnetic material fine particles, such as Fe, Co or Ni fine 
particles. An eddy current is generated in the window 1 5 by the 
coils 6 and the window 15 is heated also by the hysteresis loss of 
a ferromagnetic material. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Vapor growth equipment characterized by providing the following The light source which 
generates excitation light A reactor by which it is irradiated towards a substrate for vapor growth arranged 
inside while excitation light generated from the light source is introduced into the interior, and the exterior 
is cooled A flow channel to which it is prepared in the interior of this reactor, it has an optical installation 
aperture so that excitation light may reach this substrate, and material gas is introduced into the interior 
from the exterior, and conduction of this substrate top is carried out A heating means to heat this optical 
installation aperture 

[Claim 2] Vapor growth equipment according to claim 1 with which said heating means consisted of 
particles of a coil prepared in the exterior of said reactor, and a ferromagnetic mixed in said optical 
installation aperture, and this optical installation aperture was prepared in a magnetic field of this coil. 
[Claim 3] Vapor growth equipment according to claim 1 with which said heating means consists of a heat 
absorbing filter stuck on said optical installation aperture. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to vapor growth equipments, such as vapor growth equipment 
especially organic metal vapor growth equipment used for growth of a semiconductor, and plasma vapor 
growth equipment. 
[0002] 

[Description of the Prior Art] as the method of carrying out epitaxial growth of the compound 
semiconductor conventionally — organic metal pyrolysis vapor growth (MOCVD) — law and molecular 
beam epitaxy (MBE) — law etc. is known well. Moreover, the optical radiation effects in the vapor growth 
of a semiconductor are proposed, and the optical-pumping process [ in / spread / of various laser / in an 
interval / the vapor phase epitaxial growth of a semiconductor ] attracts attention. 
[0003] Especially, in order to control the decomposition effectiveness of the III group organic metal gas 
which is a growth material. V group hydride gas. or dopant gas in the describing [ above ] MOCVD method, 
carrying out optical pumping from the outside is performed briskly. An optical-pumping mold MOCVD 
system improves the usual MOCVD system in some respects, in order to introduce light from the exterior. 
The conventional optical-pumping mold MOCVD system is shown in drawing 8 . This MOCVD system has 
reactor structure which prepared the introductory aperture which carries out optical pumping, in order to 
raise the growth rate and doping concentration of a semiconductor alternatively. The reactor 81 has the 
duplex water-cooled tube 87, and cooling water is poured. Material gas flows in a reactor 81 and the flow 
channel 85 for making material gas into a laminar flow on a substrate is formed. The flow channel 85 
bottom faces the susceptor 82 made from carbon, and it is devised so that an air current may not be 
confused on a substrate. Carrier gas H2 is passed through piping 814 by the flow channel 85 bottom so 
that the inside of a reactor may not become dirty. Material gas III group organic metal gas. V group hydride 
gas, and carrier gas H2 are passed by the flow channel 85 bottom through piping 84. The growth substrate 
88 is formed on a susceptor 82, and is supported with the susceptor holder 83. Induction heating of the 
growth substrate 88 is carried out with RF coil 86. In the condition, the excitation light 89 is oscillated from 
the light source 810 of excimer laser, an arc lamp, etc., and it introduces in a reactor 81 through a mirror 
81 1. In order to make it the pattern or phase of light not confused at this time, only the portion along which 
light passes made the reactor 81 one layer, and the optical inlet 813 made from a quartz is formed. 
Moreover, in order to avoid the material sublimated to the flow channel 85 bottom adhering, and blooming 
cloudy, the hole 812 is established in the portion along which the light of the flow channel 85 passes. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when a hole 812 is made in the flow channel 85 as 
mentioned above, there is a possibility that the laminar flow of the flow channel 85 bottom may be 
confused. Especially, when the path of a hole 812 is large, the air current on the substrate 88 for growth is 
confused, and epitaxial growth is affected. Moreover, the sublimated material adheres even to the optical 
inlet 813 of a reactor 81, and there is also a possibility that it may become impossible to introduce light. 
Therefore, although it can use when the method of making a hole 812 in the flow channel 85 as mentioned 
above for optical installation has a small substrate for growth (i.e., when the path of a hole 812 is small), in 
the case of the large substrate for growth, it cannot use. 

[0005] In order for this invention to solve the above-mentioned defect, and for the material which did not 
disturb the air current of material gas and was sublimated even when the purpose used the substrate of a 
large area to adhere and not to cloud an optical installation aperture, it is in offering the vapor growth 
equipment which material gas can improve optical pumping of the reappearance to homogeneity. 
[0006] 

[Means for Solving the Problem] A reactor by which glares towards a substrate for vapor growth with 



which it has been arranged inside while excitation light generated from the light source in which vapor 
growth equipment of this invention generates excitation light, and^thp.lii'jht source was introduced into the , 
interior, and the exterior is cooled. It is prepared in the interior of this reactor, it has an optical installation 
aperture so that excitation light may reach this substrate, and it has a flow channel to which material gas is 
introduced into the interior from the exterior, and conduction of this substrate top is carried out. and a 
heating means to heat this optical installation aperture, and the above-mentioned purpose is attained by 
that. 

[0007] The above-mentioned heating means may consist of particles of a coil prepared in the exterior of 
said reactor, and a ferromagnetic mixed in said optical installation aperture. In that case, this optical 
installation aperture is prepared in a magnetic field of this coil. 

[0008] Said heating means may consist of a heat absorbing filter stuck on said optical installation aperture. 
[0009] 

[Function] By heating the optical installation aperture prepared in the flow channel, the vapor growth 
equipment of this invention can prevent the material gas which flows the flow channel bottom adhering to 
this optical installation aperture, and can prevent the cloudiness of an optical installation aperture prepared 
in the flow channel by adhesion of material gas. Therefore, installation of excitation light cannot be barred 
and excitation of material gas can be performed with sufficient reappearance. 

[0010] By the describing [ above ] MOCVD method, hydride gas, such as PH3 and AsH3, is used as the 
source of V group elements, such as P and As, using organic metal gas. such as TMG, TMA, and TMI. as 
the source of an III group element like Ga. aluminum, and In. By the describing [ above ] MOCVD method, 
since the above-mentioned V group hydride capacity is set to one 100 times the number [ dozens - ] of 
this to the above-mentioned III group organic metal capacity, most gas which flows the inside of a reactor 
is V group hydride gas and carrier gas H2. Therefore, it is thought that adhering [ most ] to a reactor wall 
iare V group hydride gas. The vapor pressure-temperature curve of each element is shown in drawing 9 . In 
this drawing, P and As which are V group element have high vapor pressure in the 500 degrees C - 900 
degrees C temperature requirement used with epitaxial growth, and Ga. aluminum, and In which are an III 
element have a conversely low top atmospheric pressure in the above-mentioned temperature 
requirement. For example, when PH3 is used as the source of V group element, it decomposes within a 
reactor and PH3 becomes Gas P. When the pressure in a reactor is higher than the vapor pressure of P, a 
solid-state P4 deposits and it adheres to the flow channel bottom. Epitaxial growth of P system is usually 
performed by 76TorKs). As shown in drawing 10, in 76Torr. the sublimation point of white phosphorus is 
about 180 degrees 0. Usually, since a reactor is a water-cooled cold wall made from a quartz, the flow 
channel is 100 degrees 0 or less. Therefore, in the usual MOCVD system. Solid-state P deposits and it 
adheres to a flow channel. Since the hole is open to the flow channel, turbulence or the sublimated material 
adheres [ the laminar flow of the flow channel bottom ] even to a reactor wall, and it becomes impossible 
moreover, to introduce light in the conventional optical-pumping mold MOCVD system. Since the MOCVD 
system of this example can raise the temperature of the optical installation aperture of a flow channel from 
the sublimation point of P to it. Solid-state P does not deposit in the optical installation aperture, and an 
optical installation aperture does not bloom cloudy. 
[0011] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 

[0012] (Example 1) Drawing 1 is the drawing of longitudinal section showing the vapor growth equipment of 

the example 1 of this invention. 

[0013] In this vapor growth equipment, the reactor 1 has the duplex water-cooled tube 7 like the 
conventional optical-pumping mold MOCVD system, and cooling water is poured. The inside of a reactor 1 
is a reactor, material gas flows, and the flow channel 5 for making reactant gas into a laminar flow on a 
substrate is formed. The flow channel 5 bottom faces the susceptor 2 made from carbon, and it is devised 
so that an air current may not be confused on a substrate. Carrier gas H2 is passed through piping 14 by 
the flow channel 5 bottom so that a reactor may not become dirty. Material gas III group organic metal gas. 
V group hydride gas. and carrier gas H2 are passed by the flow channel 5 bottom through piping 4. The 
growth substrate 8 is formed on a susceptor 2, and is supported with the susceptor holder 3. Induction 
heating of the growth substrate 8 is carried out with RF coil 6. In the condition, the excitation light 9 is 
introduced in a reactor through a mirror 1 1 from the light source 10 of excimer laser, an arc lamp. etc. 
Under the present circumstances, in order to make it the pattern or phase of light not confused, only the 
portion along which light passes made the reactor 1 one layer, and the optical inlet 13 made from a quartz 
is formed. Moreover, the optical installation aperture 15 of the flow channel 5 is heated alternatively, and in 
order to avoid material gas adhering to the flow channel 5 bottom, and blooming cloudy, as shown in 
drawing 2 . the quartz with which ferromagnetic particles, such as Fe, Co, and nickel, were mixed is used 



% for the optical installation aperture 15 of the flow channel 5. 
^^0014] In this example, the optical inj^J^^tipn aperture 15 is the following, and is made and heated. The 
graphite carbon which is a conductor is made to generate an eddy current with RF coil 6, and the 
susceptor 2 made from carbon is heated. The above-mentioned ferromagnetic particle mixed in the optical 
installation aperture 15 is heated also by the hysteresis loss of a ferromagnetic as shown in drawing 3 in 
addition to heating by the eddy current, and can be heated more than graphite carbon. Therefore, mixing of 
a little ferromagnetic can also make the optical installation aperture 15 an elevated temperature enough. 
As for the above-mentioned ferromagnetic, it is desirable that they are the particle size of 50 micrometers 
and the 1% of the amounts of mixing so that the excitation light introduced from the outside may not be 
scattered about. In this example, when the quartz in which Fe particle with a particle size of 0.1 -0.3mm 
was made to mix about 0.1% was used for the optical installation aperture 15. temperature of the optical 
installation aperture 15 was able to be made into about 400 degrees C with heating by usual RF coil 6 at 
the time of susceptor 2 temperature of 800 degrees C. When the GaAs substrate of 20mm angle was used 
as a substrate, and organic metal gas. such as TMG. TMA, and TMI, was used as the source of an III group 
element in this condition and the semiconductor layer was formed, using hydride gas. such as PH3 and 
AsH3. as the source of V group element, the affix was not looked at by the optical installation aperture 15. 
but stable optical pumping was obtained. 

[0015] (Example 2) Drawing 4 is the important section enlarged view of the example 2 of this invention. 
[0016] In this vapor growth equipment, the optical installation aperture 15 of the flow channel 5 is heated 
alternatively, and in order to avoid material gas adhering to the flow channel 5 bottom, and blooming cloudy, 
the heat absorbing filter 16 is formed in the side which faces the susceptor 2 of the optical installation 
aperture 1 5 of the flow channel 5. 

[0017] In this example, the optical installation aperture 15 is the following, and is made and heated. The 
graphite carbon which is a conductor is made to generate an eddy current with RF coil 6. and the 
susceptor 2 made from carbon is heated. Since this susceptor 2 made from carbon is close to blackbody, 
that emission spectrum is expressed with the part luminous-radiation curve on the strength shown in 
drawing 5 according to the formula of a plank. In drawing 5 . at the temperature of 500 degrees C - 900 
degrees C used for epitaxial growth, an emission spectrum is 0.8 micrometers - 8 micrometers in infrared 
region wavelength, and the most is emitted to the exterior of a reactor 1 through the reactor 1 made from 
a quartz. The heat absorbing filter 16 has the transparency spectrum as shown in drawing 6 . absorbs the 
above-mentioned infrared region wavelength, and is heated. Therefore, the optical installation aperture 15 
can be heated. As this heat absorbing filter 16, the interference pattern wavelength selection mirror which 
carried out the multilayer coating tip of heat absorbing glass or the dielectric film is raised. Since visible - 
ultraviolet rays 500nm or less are usually used as wavelength for carrying out optical pumping in the 
above-mentioned MOCVD system, there is almost no loss by the heat absorbing filter 16 of an 
introductory light from the outside. In this example, when phosphate glass was used as a heat absorbing 
filter 1 6, temperature of the optical installation aperture 1 5 was able to be made into 350 degrees C with 
heating by usual RF coil 6 at the time of susceptor 2 temperature of 800 degrees C. When the GaAs 
substrate of 20mm angle was used as a substrate, and organic metal gas. such as TMG, TMA, and TMI, was 
used as the source of an III group element in this condition and the semiconductor layer was formed, using 
hydride gas, such as PH3 and AsH3, as the source of V group element, the affix was not looked at by the 
optical installation aperture 1 5, but stable optical pumping was obtained. 

[0018] (Example 3) Drawing 7 is the cross section showing the vapor growth equipment of the example 3 of 
this invention. 

[0019] In this vapor growth equipment, the optical installation aperture 15 is heated from the exterior using 
the infrared lamps 17, such as a halogen and a tungsten, without using the radiant heat from a susceptor 2. 
A condenser lens 18 condenses infrared radiation 19, and the dichroic mirror 20 reflects infrared radiation 
19. At this time, the infrared radiation emitted to the exterior of a reactor 1 through the reactor 1 made 
from a quartz is also reflected in coincidence. The infrared radiation 19 condensed or reflected is absorbed 
by the heat absorbing filter 16. In this case, since an infrared lamp 17 hardly takes out visible - ultraviolet 
rays 500nm or less, the bad influence to optical pumping does not have it. Moreover, regardless of the 
temperature of a susceptor 2, the optical installation aperture 15 is controllable to the temperature of 
arbitration. In this example, as an infrared lamp 17, when the IkW tungsten lamp was used, temperature of 
the optical installation aperture 15 was able to be made into 500 degrees C with heating by usual RF coil 6 
at the time of susceptor 2 temperature of 800 degrees 0. When the GaAs substrate of 20mm angle was 
used as a substrate, and organic metal gas. such as TMG. TMA, and TMI, was used as the source of an III 
group element in this condition and the semiconductor layer was formed, using hydride gas, such as PH3 
and AsH3, as the source of V group element, the affix was not looked at by the optical installation aperture 



15. but stable optical pumping was obtained. When the semiconductor layer was formed in thd condition, 
using hydride gas. such as PH3 and AsH3, as the source of V gro'^^sJ^ent, using organic metal gas. such 
as TMG. TMA, and TMI, as the source of an III group element, the affix was not looked at by the optical 
installation aperture 1 5. but stable optical pumping was obtained. 

[0020] Although the above example described the vapor growth of the semiconductor at the time of using 
P as a V group so, it is not restricted but this invention can be applied also to the vapor growth of the 
semiconductor using As systems, such as GaAIAs and InGaAs. on the conditions doubled at the vapor 
pressure and the sublimation point of As. Moreover, the same effect is acquired also when other III-V 
groups or II-VI group compound semiconductors. Si, germanium, W, aluminum, etc. are used, and it applies 
to a low pressure CVD system or plasma-CVD equipment. Moreover, a ferrite and rare earth elements may 
be used as a ferromagnetic particle. Furthermore, the method of using for example, a nickel chromium thin 
line, and carrying out resistance heating of the direct light installation aperture 15 as a method of heating 
the optical installation aperture 1 5, in addition to the above-mentioned method, may be used. 
[0021] 

[Effect of the Invention] Since according to this invention the material which did not disturb the air current 
of material gas and was sublimated adheres and an optical installation aperture is not dimmed even when 
the substrate of a large area is used, material gas can improve [ reappearance ] optical pumping to 
homogeneity. Therefore, a semiconductor layer can be formed efficiently. 
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